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Abstract
This study is aimed to evaluate the accuracy of Demirjian method in estimating the chronological age of 
male and female Kelantanese Malay children between 6 and 16 years of age and to establish a new dental 
age (DA) curve if the Demirjian method was not found to be accurate. About 905 panoramic radiographs 
of healthy Malay children between 6 and 16 years of age were collected from the radiographic unit in 
the Hospital Universiti Sains Malaysia (HUSM) and the orthodontic clinic in Hospital Kota Bharu (HKB). 
Children who had any disease affecting the dental development, or have agenesis in the lower arch and 
poor quality radiographic images were excluded. The results showed that Demirjian method overesti-
mated the chronological age (CA) by 1.23 years for boys and 1.20 years for girls and it was less accurate 
for the Kelantanese Malay children. Thus new standard curve were produced and tested on external 
samples. Results showed that the mean difference between the chronological age and DA is about 
0.17 years for boys and 0.11 years for girls. DA was more advanced in the Kelantanese Malay boys and 
girls as compared to French-Canadian children in all age groups. It is concluded that the Demirjian method 
tends to be less accurate in estimating the chronological age in Malay children. The new curve that was 
produced is more applicable to the Kelantanese Malay children. [Singapore Dent J 2011;32(1):19–27]
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Introduction
Dental age (DA) is of particular interest to the or-
thodontist in the treatment planning of different 
types of malocclusions in relation to maxillo-facial 
growth.1 DA can be defined either as a measure of 
how far the teeth have progressed towards matu-
rity2 or as a measure of childhood dental devel-
opment,3 and it corresponds to odontogenesis, 
development, and emergence of teeth.4
DA can be assessed for deciduous or perma-
nent teeth by determining the chronology of teeth 
emergence through the oral tissues,5 by count-
ing the number of emerged teeth into the oral 
cavity,6 or by tracing the calcification progress of 
dental tissues using successive radiographic films 
(radiographic DA).7–9 Demirjian et al1 have pro-
posed the staging of teeth based on the estima-
tion of growing teeth shape instead of the teeth 
dimensions using lower left seven permanent 
teeth excluding the third molar.10
DA is a good indicator for evaluating the biologi-
cal age of a growing child since it is less affected by 
variation in nutritional and endocrine status com-
pared to the other biological age methods,11–12 
and is subjected to less variation in relation to the 
chronological age than the skeletal age.13 In inter-
ceptive orthodontic, knowing the time of each 
stage of tooth development may give general ideas 
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to dental clinicians in proposing proper treatment 
plans, e.g. the prediction of emergence time of 
permanent teeth based on root developmental 
stage can help in planning for serial extraction.9
Variations in dental development exist between 
different ethnics and populations.14,15 Thus, for-
eign dental developmental standards and data 
might not be applicable for the local people. DA 
based on the time of permanent teeth clinical 
eruption on Malay population was conducted on 
more than 2000 school children between 5 and 
17 years of age.5 From our observation, this study 
showed that the emergence of teeth occurred 
when the teeth are in the stages (E) and (F) with 
more closer to stage (F) for both sexes, thus giving 
us the idea that emergence of the teeth into the 
oral cavity occurred between a period when root 
length is half or more than the crown length and 
when both crown and root have the same length. 
The only exception is for the first molar where it 
is found to be before the stage (E), nevertheless, 
no radiograph was taken in their study.
The DA based on radiographic standard of per-
manent teeth need to be investigated since there 
is only one study available in Malaysia16 with 428 
subjects between 7 and 15 years of age and the 
results showed that the Demirjian method over-
estimated the age for both sexes but no dental 
curve was produced for the Malay children.
Therefore, a valid standard of DA in Malay 
population should be constructed in the aim of 
developing our own reference chart for Malay 
population. The objectives of this study were to 
evaluate the accuracy of Demirjian method (1973) 
in estimating the chronological age of Kelantanese 
Malay male and female children between 6 and 
16 years of age, and to establish a new DA stan-
dard for the Kelantanese Malay population if the 
Demirjian method is not accurate.
Materials and Methods
This is a cross-sectional study which deals with 
the orthopantomograms (OPGs) of normal healthy 
Kelantanese Malay children between 6 and 16 
years of age and was conducted from September 
2005 until March 2007. The OPGs were obtained 
from two databases: School of Dental Sciences, 
HUSM and the Orthodontic Dental Specialist 
Clinic, HKB.
Prior to conducting the study, ethical approval 
was obtained from research and ethics commit-
tee of Universiti Sains Malaysia (USM: 190.2 [1], 
USMKK/PPSP®/JK EP (M) FWA REG. NO: 00007718, 
IRB REG. NO: 00004494). Ethical approval was also 
obtained from Kelantan State Ministry of Health 
(Bil 72, PP/KEL 60(16/2)/1).
The record of each subject participating in this 
study was thoroughly examined in order to col-
lect all information needed (i.e. name, record 
number, date of birth, date of X-ray was taken, 
and sex) and to check the medical status of the 
subject. The information was later recorded in the 
data sheet.
A total of 938 healthy Kelantanese Malay sam-
ples were found in the database available in the 
School of Dental Sciences, Hospital Universiti 
Sains Malaysia (HUSM), and orthodontic clinic, 
Hospital Kota Bharu (HKB), consisting of 616 girls 
(67%) and 322 boys (33%), between 5 and 16 
years of age and 33 cases were excluded (Table 1). 
Nevertheless, during the process of comparison 
between the Malay children and the French-
Canadian children, subjects aged 5 years were 
excluded due to small sample size.
Only good quality radiograph, with the pres-
ence of all permanent teeth from the lower left 
and right quadrant teeth, except the 3rd molar 
that was taken for routine dental examination 
and before the start of orthodontic treatment 
were selected. Radiographs with distortion such 
as overlapping images of the teeth or lacking 
clarity due to under- or over-exposure, or under 
or over-development of the film, and incom-
plete information such as date of birth, or date 
of exposure of radiograph were excluded. Sub-
jects with any history of chronic disease, illness 
or syndrome known to significantly affect dental 
development that were obtained from their 
medical records were also excluded.
The sample size for this study was calculated 
using the confidence interval formula n = (Z*σ/)2 
where ‘n’ is sample size in each group. ‘Z’ is the 
two-sided Z value required for the 95% confi-
dence interval (CI) which is equal to 1.96. σ is 
the standard deviation (SD) from source popula-
tion which was estimated from sample of previ-
ous study, σ = 0.78 years.14  is the precision 
assigned as 0.2. Therefore the sample size for each 
age group calculated using the formula is 58 sub-
jects and the total sample size of 11 age groups 
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(from 5 to 16 years of age) and for both genders 
is 1276. With the consideration of 5% non-
response (e.g. radiographic distortion, under- or 
over-exposure), the final sample size required is 
(1,276 + 64) = 1,340 subjects. Nevertheless, only 
938 radiographs were retrieved from both data-
bases (HUSM and HKB).
The DA was assessed using Demirjian method 
with the sex specific tables and the data for DA 
comparison for the French-Canadian maturity 
scores were also adapted from the Demirjian 
et al.’s.10 Each radiograph has been placed on a 
radiograph view box and correctly oriented. The 
same X-ray view box was used to evaluate all ra-
diographs from both sources (HUSM and HKB) 
to ensure uniformity of the procedures that will 
be applied on all the radiographs. All OPGs were 
examined by one examiner. The mandibular left 
quadrant was analyzed and each tooth in the 
quadrant except the 3rd molar was examined. 
Once the stage that most accurately described 
the state of development of the tooth in question 
was identified, the rating was assigned to that 
tooth and recorded in the appropriate box on the 
data sheet. The examiner was blinded with re-
gards to the chronological age and other details 
such as the name and gender of the subject when 
evaluating the radiograph. The process was re-
peated for each tooth from the lower left quad-
rant except the 3rd molar. The assigned ratings 
for each of the seven teeth were recorded on the 
data sheet for that specific OPG.
“Chronological age” (CA) is the real age of the 
Kelantanese Malay samples and was obtained 
by subtraction of the date of the radiograph from 
the date of birth and the resultant age was con-
verted into decimal age after the radiograph was 
assessed for Demirjian method. The stages 0 to H, 
as assessed and recorded for each tooth in each 
subject in the entire sample, were converted to 
a numerical score (weighted scores). This was 
done using the sex specific tables (Tables 2 and 3) 
constructed by Demirjian et al.10 and the 7-teeth 
scores were summed together in order to obtain 
the maturity score for each case.
An external sample of 47 Kelantanese Malay 
children (23 boys and 24 girls) aged between 5 
and 16 years from HUSM was randomly selected 
in order to test the accuracy of the new DA stan-
dard on Kelantanese Malay population. These 
external samples were patients in HUSM who 
came for routine dental check-up and had their 
OPG taken and they are not involved in the mak-
ing of the Malay standard curve.
Statistical analyses
The DAs from all samples were analyzed using 
the Statistical Package for Social Science (SPSS) 
version 13.0 for Windows. Paired t-test compar-
ing the ‘chronological age’ and the ‘dental age’ 
was used to examine the accuracy of Demirjian 
method in estimating the CA of male and female 
Kelantanese Malay children between 5 and 
16 years of age. In order to establish a new DA 
Table 1. Distribution of samples according to age and sex
 Male Female Total
Age
 n % n % n %
5–5.9 1 0.3 3 0.4 4 0.4
6–6.9 9 2.9 10 1.7 19 2.1
7–7.9 22 7.2 15 3.7 37 4.1
8–8.9 25 8.2 27 4.5 52 5.7
9–9.9 32 10.5 37 6.2 69 7.6
10–10.9 29 9.5 51 8.5 80 8.8
11–11.9 38 12.5 67 11.1 105 11.6
12–12.9 37 12.2 98 16.3 135 14.9
13–13.9 32 10.5 125 20.8 157 17.3
14–14.9 51 16.8 106 17.6 157 17.3
15–16 28 9.2 62 10.3 90 9.9
Total 304 33.5 601 66.5 905 100
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standard for the Kelantanese Malay population, 
the modified 7-teeth method was carried out by 
using logistic regression analysis. The ‘chronolog-
ical age’ has been regressed against the ‘maturity 
scores’ in order to modify the French-Canadian 
DA conversion tables into Kelantanese Malay one.
The maturity score curves of Kelantanese 
Malay and French-Canadian have been superim-
posed upon each other and were compared 
descriptively.
Reproducibility of the measurements
Intra-examiner reproducibility for ‘maturity scores’ 
and ‘dental age’ have been assessed. A total of 
40 OPGs have been assessed twice with one week 
interval between the first and the second assess-
ments. The Cohen’s kappa value and the intra-
class correlation (ICC) have been calculated. The 
results for the reproducibility in assessment of 
the maturity scores and DA showed that the intra-
examiner correlation was high (0.98) and the re-
producibility in assigning the stages showed that 
the overall values for intra-examiner was 0.65. 
The kappa values were interpreted using Altman 
(Table 4).17 The results showed that there was 
a “good” agreement for assigning the stages of 
each assessed tooth for the intra-examiner re-
producibility based on Altman.17 The examiner 
did not use the Demirjian Dental Development 
CD-Rom but the examiner had undergone train-
ing period and checked the inter-examiner 
variability and correlation with MFK who is an 
expert in using the Demirjian method (the inter-
examiner correlation was 0.97 and overall value 
for inter-examiner variability was 0.62). The CD-
Rom was not used for comparison of age since 
it can be done by comparing the chronological 
age and estimated age based on Demirjian’s 
table.10
Table 2. Self weighted scores for dental stages (7 teeth) – Boys (Ref. No. 10)
Boys 0 A B C D E F G H
M 2 0.0 1.7 3.1 5.4 8.6 11.4 12.4 12.8 13.6
M 1 – – – 0.0 5.3 7.5 10.3 13.9 16.8
PM 2 0.0 1.5 2.7 5.2 8.0 10.8 12.0 12.5 13.2
PM 1 – 0.0 4.0 6.3 9.4 13.2 14.9 15.5 16.1
C – – – 0.0 4.0 7.8 10.1 11.4 12.0
I 2 – – – 0.0 2.8 5.4 7.7 10.5 13.2
I 1 – – – 0.0 4.3 6.3 8.2 11.2 15.1
Table 3. Self weighted scores for dental stages (7 teeth) – Girls (Ref. No. 10)
Girls 0 A B C D E F G H
M 2 0.0 1.8 3.1 5.4 9.0 11.7 12.8 13.2 13.8
M 1 – – – 0.0 3.5 5.6 8.4 12.5 15.4
PM 2 0.0 1.7 2.9 5.4 8.6 11.1 12.3 12.8 13.3
PM 1 – 0.0 3.1 5.2 8.8 12.6 14.3 14.9 15.5
C – – – 0.0 3.7 7.3 10.0 11.8 12.5
I 2 – – – 0.0 2.8 5.3 8.1 11.2 13.8
I 1 – – – 0.0 4.4 6.3 8.5 12.0 15.8
Table 4. Interpretation of strength of agreement 
for the kappa statistic (Ref. No. 17)
Value for kappa Strength of agreement
< 20 Poor
0.21–0.40 Fair
0.41–0.60 Moderate
0.61–0.80 Good
0.81–1.0 Very good
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Table 5. Difference between chronological age and dental age (years) for all subjects
Sex n
 CA DA Mean of age t statistic 
p valuea  Mean (SD) Mean (SD) difference (95% CI) (df)a
Boys 304 11.68 (2.61) 12.92 (3.22) –1.24 (–1.39, –1.09) –16.20 (303) < 0.001
Girls 601 12.47 (2.24) 13.74 (2.55) –1.27 (–1.37, –1.16) –24.27 (600)  0.001
aPaired t-test; CA = chronological age; DA = dental age; df = degree of freedom; SD = standard deviation.
Results
The accuracy of Demirjian method
Demirjian method was not accurate in estimat-
ing the chronological age of male and female 
Kelantanese Malay children between 6 and 16 
years of age. The results showed that the mean 
age differences are statistically significant for 
both gender (Table 5). The method overesti-
mates the chronological age by an average of 
1.23 years for boys and 1.20 years for girls. New 
DA curves for Kelantanese Malay boys and girls 
(Figure 1) have been constructed using non-linear 
regression model (logistic model, SPSS® Base 13.0 
User’s Guide). The results showed that constants 
for the logistic model (Y = 1/[1/100 + (b0*b1t)]) for 
the new curves are (b0 = 0.528 and b1 = 0.506, 
for boys) and (b0 = 1.019 and b1 = 0.501, for girls). 
For testing the accuracy of the new curves for 
estimating the chronological age, external sam-
ples of 47 children (23 boys and 24 girls) have 
been assessed, and the results showed that the 
mean difference between the chronological age 
and DA is about 0.17 years for boys and 0.11 
years for girls (Table 6 and Figure 2).
The comparison between the DA of Demirjian 
method for Malay children with French-Canadian 
ones showed an advanced maturation of Malay 
children in all ages as compared with their peers 
of French-Canadian origin (Figures 3 and 4). The 
results showed that the DA for younger age groups 
of boys (7.0–9.99 years) was not significantly dif-
ferent from the French-Canadian boys. However, 
after the 10 years of age, the difference became 
statistically significant in boys (Table 7). On the 
other hand, girls were more advanced in DA as 
compared to French-Canadian girls in all age 
groups as the difference was statistically signifi-
cant (Table 8).
Discussion
The majority of the citizens in Kelantan state are 
of Malay origin (95%), and 90% of them live in 
rural areas as farmers and fishermen.5 In this 
study, the socio-economic status has not been 
assessed since it was shown that dental devel-
opment have low tendency to be affected by the 
socioeconomic status.12,18 The socioeconomic 
status is known to have a definite effect on gen-
eral body growth, but to a lesser extent for the 
permanent teeth emergence.19
It was proposed to include all ages which 
represent the development of permanent teeth 
(0–20 years); however, based on the records avail-
able in the database, radiographs were taken only 
for children above 5 years of age because it is 
difficult to manage children below 5 years and to 
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Figure 1. Comparison of dental age curve for both 
sexes in Kelantanese Malay children.
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Table 6. Difference between chronological age and dental age (years) for the external samples
Sex n
 CA DA Mean of age t statistic 
p valuea  Mean (SD) Mean (SD) difference (95% CI) (df)a
Boys 23 10.85 (3.37) 10.69 (3.4) 0.17 (–0.16, 0.5) –1.03 (22) 0.314
Girls 24 10.02 (2.88)  9.92 (3.57)  0.11 (–0.32, 0.53) –0.51 (23) 0.611
aPaired t-test; CA = chronological age; DA = dental age; df = degree of freedom; SD = standard deviation.
obtain a good quality OPGs. Based on the data-
bases available, it did not have periapical films 
which can be used instead of OPG radiographs. 
Since the number of children between 5 and 
5.99 years of age was very small, it was excluded 
from the comparison of DA with the French 
Canadian children. The age range for the study was 
changed to fall between 6 and 16 years.
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Figure 2. Bar chart showing the number of external samples based on their age group.
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Figure 3. Comparison of maturity score curves be-
tween Malay and French-Canadian boys.
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Figure 4. Comparison of maturity score curves be-
tween Malay and French-Canadian girls.
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DA method should have high value for repro-
ducibility. Reproducibility of the method refers 
to the reliability (precision) of a measurement 
which is the degree to which further measure-
ments of the same method show same or similar 
results.20 This study has shown that Demirjian 
method has good reproducibility and it is con-
current with the other study.16,21–23
Variations in the determination of DA exist be-
tween different ethnics and populations.14,15 Thus, 
any foreign DA standard should be tested over the 
local population in order to assess its accuracy. 
Demirjian method overestimated the chronological 
age among the Malay boys and girls which indicates 
that the method is less accurate when applied 
on Kelantanese Malay children. In this study, the 
modified DA curve for Kelantanese Malay children 
based on the Demirjian method has been produced 
and tested over external samples and it was shown 
to be more accurate and can be used as a baseline 
to determine DA in the Kelantanese Malay children. 
However, the external samples that were used to 
assess the accuracy were few. Thus, a bigger and 
larger number of subjects are needed for future 
studies. The difference in DA between populations 
might be attributed to different genetic background 
since the environmental variations was shown to 
have less effect on dental development.25
The DA of Kelantanese Malay children was ex-
pressed using non-linear regression model (logis-
tic regression) (SPSS® Base 13.0 User’s Guide) and 
it was shown that it was not related to that of 
Table 7. Difference between chronological age and dental age (years) for boys
Age n
 CA DA Mean of ages t statistica 
p valuea  Mean (SD) Mean (SD) difference (95% CI) (df)
6–6.99  9 6.45 (0.26) 7.18 (0.51) –0.73 (–1.05, –0.40) –5.17 (8) < 0.001
7–7.99 22 7.45 (0.33) 7.56 (0.34) –0.11 (–0.26, 0.04) –1.51 (21) 0.146
8–8.99 25 8.44 (0.32) 8.65 (1.05) –0.21 (–0.61, 0.20) –1.06 (24) 0.300
9–9.99 32 9.52 (0.31) 9.82 (1.62) –0.31 (–0.85, 0.24) –1.15 (31) 0.260
10–10.99 29 10.56 (0.26) 12.13 (1.19) –1.58 (–2.02, –1.13) –7.29 (28) < 0.001
11–11.99 38 11.49 (0.29) 13.72 (1.42) –2.23 (–2.67, –1.80) –10.35 (37) < 0.001
12–12.99 37 12.51 (0.29) 14.71 (1.44) –2.20 (–2.56, –1.75) –9.81 (36) < 0.001
13–13.99 32 13.50 (0.31) 15.58 (0.83) –2.08 (–2.39, –1.79) –14.41 (31) < 0.001
14–14.99 51 14.44 (0.26) 15.80 (0.46) –1.36 (–1.52, –1.21) –17.70 (50) < 0.001
15–15.99 28 15.46 (0.30) 15.94 (0.17) –0.49 (–0.62, –0.35) –7.36 (26) < 0.001
aPaired t-test; CA = chronological age; DA = dental age; df = degree of freedom; SD = standard deviation. 
Table 8. Difference between chronological age and dental age (years) for girls
Age n
 CA DA Mean of ages t statistica 
p valuea  Mean (SD) Mean (SD) difference (95% CI) (df)
6–6.99  10 6.50 (0.35) 7.01 (0.77) –0.51 (–0.95, –0.76) –2.66 (9) < 0.05
7–7.99  15 7.62 (0.32) 7.98 (0.59) –0.37 (–0.65, –0.08) –2.71 (14)  0.017
8–8.99  27 8.52 (0.30) 9.28 (1.88) –0.77 (–1.50, –0.03) –2.15 (26)  0.041
9–9.99  37 9.53 (0.26) 10.69 (1.74) –1.16 (–1.71, –0.61) –4.28 (36) < 0.001
10–10.99  51 10.53 (0.27) 11.91 (1.51) –1.38 (–1.80, –0.95) –6.50 (50) < 0.001
11–11.99  67 11.51 (0.29) 13.01 (1.68) –1.50 (–1.89, –1.10) –7.60 (66) < 0.001
12–12.99  98 12.55 (0.31) 14.52 (1.34) –1.97 (–2.24, –1.70) –14.57 (97) < 0.001
13–13.99 125 13.49 (0.29) 15.06 (0.88) –1.57 (–1.73, –1.41) –19.44 (124) < 0.001
14–14.99 106 14.52 (0.28) 15.46 (0.78) –0.94 (–1.09, –0.78) –12.11 (105) < 0.001
15–15.99  62 15.38 (0.26) 15.82 (0.40) –0.44 (–0.57, –0.32) –7.11 (57) < 0.001
aPaired t-test; CA = chronological age; DA = dental age; df = degree of freedom; SD = standard deviation.
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the French-Canadian population investigated by 
Demirjian.19 In the present investigation, the lo-
gistic regressions (SPSS® Base 13.0 User’s Guide) 
were approximated to the calculated data in order 
to describe the relation between the sum score 
and the chronologic age for girls and boys and to 
facilitate the estimation of DA. Frucht et al.14 used 
logistic function to describe the relation between 
the sum score and the chronologic age for their 
samples while Nystrom et al.26 grouped their 
Finnish children into 6-month chronological in-
tervals, drew a diagram of the mean values and 
smoothed the resulting curves by hand. Never-
theless, these methods all produced the desig-
nated DA curve for the population under study.
One of the advantages of the Demirjian method 
is that it allows for the comparison of the dental 
development between different populations. In 
this study the comparison was made between 
Kelantanese Malay and French-Canadian children 
and the mean DA difference between the two 
populations was small for the younger age groups. 
This situation can be explained owing to the 
growth prediction uncertainties in younger age 
group children.27 However, in the older age groups, 
marked differences were noticed for both sexes. 
The difference in DA in older age groups explained 
as stages occurring earlier in life are generally of 
shorter duration than the stages occurring later, 
so short duration stages are more informative 
than those of long duration. The small differences 
in younger age groups can probably be explained 
by relatively high number of stages (A–D) with 
short duration in young children.28 The marked 
difference in older age group can be explained 
on a basis of prepubertal or pubertal growth 
changes during these age groups. Another ex-
planation that DA distribution which does not 
exhibit a Gaussian distribution (there is tendency 
to be skewed) after a certain chronological age, 
which in turn results in a distortion of the results, 
leading to systemic overestimation of age when 
chronological age is estimated from dental de-
velopment.28 In addition, it is also may be due to 
positive secular trend in growth and development 
during the last 25 years.21,22 A smaller mean dif-
ference can be seen in the oldest age group. This 
might be attributed to increasing impact of matu-
rity scores in older ages.28
One disadvantage of the Demirjian method1 is 
the need to assess seven teeth, as aplasia of both 
lower second premolars is not an uncommon 
finding. The databases from longitudinal studies 
appear to be more accurate than those of cross-
sectional investigations as it gives a sufficient ac-
cess to the individual dynamics of growth.29 
However, because of the extensive time involved 
and especially as the level of radiation exposure 
is high, such studies are not permitted by the 
Malaysian legislation and they are rarely feasible. 
Demirjian and Lévesque29 assessed the DA of 722 
French-Canadian children and about 3,800 radio-
graphs were obtained from longitudinal and cross-
sectional data. The results showed no significant 
differences between the longitudinal and cross-
sectional data for the seven teeth of both sexes.
At the time where the study was conducted, 
most subjects were undergoing orthodontic treat-
ment and this may have caused for the non-random 
sample selection which might not represent the 
general population.14 The distribution of the sam-
ples in this study was more toward girls, it seems 
that there is more predilection for girls to visit 
the dental clinics especially the orthodontic clinic 
more than the boys do, and girls always show 
more concern about improving their beauty and 
they visit the orthodontic clinics to achieve the 
perfectly straight teeth which enhances their 
beauty.30–32
Conclusion
The Demirjian method is not accurate to estimate 
the chronological age in the Kelantanese Malay 
children. The methods overestimated the chron-
ological age which indicates that the method is 
less accurate when applied on Kelantanese Malay 
children. Thus, a new DA standard was developed 
for the local population studied and is more ap-
plicable to the Kelantanese Malay children. DA was 
more advanced in Kelantanese Malay boys and 
girls as compared to French-Canadian children in 
all age groups.
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